Abstrak
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Noise-induced hearing loss (NIHL) is a kind of sensory nerve hearing loss that is most often found among pilots in developing as well as developed countries. The helicopter has unique acoustic problems associated with NIHL. The NIHL related to a variety of factors, among others, aging process age, duration of work, total flight hours, type of aircraft, and aircraft noise exposure. 2, 3 Previous study in 1994, with the Indonesian Air Force and Army helicopter pilots and air mechanics subjects reveals that NIHL was related to occupation (pilot or air technician), degree of noise, and total flight hours. 4 Based on these findings, the Indonesian Air Force has made some efforts in order to lower the risk of NIHL.
The objective of this study is to identify some more risk factors in particular among helicopter pilot who still actively worked in 2004
METHODS
The design of this study was nested case-control. The case was the Indonesian Air Force helicopter pilot who suffered from NIHL at the hearing threshold 40 dB or less at the frequency of 4000 Hz. 5 Control was the helicopter pilot who were never known to suffer from NIHL based on audiogram check up results as of March 2004. Each case was matched by two controls by the year case diagnosed NIHL. The pilots who had or suffered from non NIHL or head injury were excluded.
In this study, all risk factors for cases were counted as of reference date of cases diagnosed, and risk factors for the control counted as of the reference date of his matched case was diagnosed.
The work duration, total flight hours, and the average flight hours were calculated since the case flew the helicopter for the first time until the case suffered from NIHL. Meanwhile for the control, they were calculated since the control flew the helicopter for the first time until the reference date of his case. The total flight hours were calculated since the pilot flew the helicopter for the first time until he suffered from NIHL or until reference date of his case. For the analysis purpose, it was divided into 120-999 hours, 1000-2999 hours, and 3000-5300 hours.
The period of work was a year number when he started work until the case was diagnosed NIHL (for the case). On the other hand, for control, it was calculated since he started to work until the year his reference date of his case was diagnosed NIHL. For the analysis purpose it was divided into 0-10 year and 11-24 year period of work. The age of the beginning of work was the age when he started to fly the helicopter for the first time. For analysis purpose it was divided into 21-24 years and 25-26 years.
The year of beginning of work was the year when the subject started to fly helicopter. For the analysis purpose it was divided into 1980-1990 and 1991-2000.
The total flight hours were the total flight hours when he started to fly helicopter until a subject was diagnosed NIHL (for the case), and for the matched control it was until the year when his reference case was diagnosed NIHL. For analysis purpose, they were divided into 120-999 hours, 1000-2999 hours, and 3000-5300 hours.
The average flight hours per year were the total flight hours divided by the period of work in a year. For analysis purpose, they were divided into 40-299 hours and 300-734 hours.
Helicopter noise was based on the size and weight of the helicopter rotor (personal communication with the health office of Indonesian Air Force). Helicopters with low noise were Bolcow and Bell. Helicopter with medium or high noise were Twinpack and Superpuma.
Acoustic trauma was hearing loss caused by a very loud sound or blast. Diabetes mellitus (DM) was defined as the glucose after fasting 126 mg/dl or more based on Indonesia Consensus on DM management in Indonesia. Hypercholesterolemia was the blood cholesterol higher than 200 mg/dl. 6 The use of ototoxic substance or drugs defined when the subject was taking drugs such as group of aminoglycocide (streptomycine, neomycine, kanamycine, amycacine, tobramycine, gentamycine and nethylmycine), other groups of antibiotic (vancomycine, erytromycine and azytomycine), diuretic, salysilate (aspirin) and anti-malaria drugs (Quinine) with the period of 5 days to 14 days according to the related drugs. For the analysis purpose, it was divided into yes/no.
Blood pressure classification based on National Heart, Lung, and Blood Institute (USA): The seventh report of the joint national commitee on prevention, detection, evaluation, and treatment of high blood pressure. The classification was: normal blood pressure = systolic blood pressure was less than 120 mmHg and diastolic blood pressure was less than 80 mmHg; prehypertension = systolic blood pressure was 120-139 mmHg or diastolic blood pressure was 80-89 mmHg; stage 1 hypertension = systolic blood pressure was 140-159 mmHg or diastolic blood pressure was 90-99 mmHg; stage 2 hypertension was systolic 160 mmHg or more, or diastolic blood pressure was 100 mmHg or more. 7 A risk factor to NIHL risk was calculated by the odds ratio with 95% confidence intervals. If on univariate analysis the value p ranged from 0.05 to 0.25, the pertinent deserve to be considered as potential confounding factor which can be considered to be included in multivariate analysis to develop final models. 8 The final model constructed by stepwise method using Stata program version 6.0. 9 This study received ethical clearance from the Board of Post Graduate Examiners and Management of the Department of Community Medicine of the University of Indonesia. All subject identifications were treated confidentially in order prevent harm for the subjects.
RESULTS
A number of 187 medical records of the helicopter pilots were available for this study. We identified 32 NIHL cases and 64 subjects who did not suffer from NIHL. The subjects aged from 22 years to 48 years. The shortest subject's period of work where NIHL occurred is two years and longest is 23 years. Based on the diagnosis year of NIHL, most cases of NIHL occurred in 1997 and the least cases occurred in 2003. Table 1 shows that those who aged 30 years or more than aged 22-29 years upon diagnosis, year of entering work during period of 1991-2000 than 1980-1990, middle than primary officer more likely had increased risk to be NIHL. On the other hand, NIHL cases and controls were similarly distributed with regard to age of entering work, average flight hours per-year, and type of helicopter that was flown. Table 2 shows that the risk related to acoustic trauma, DM, the use of drugs or ototoxic substance against malaria could not be calculated due to there was no subject who ever suffered from that kind of disease or condition. The cholesterol level was noted not to be correlated with the risk of NIHL.
The final model as shown on Table 3 , the risk factors related to NIHL were total flight hours, duration work, and the classification of blood pressure. In term of duration of work, those who had duration of work for 11-24 years than less than 10 years had increased risk to be NIHL for 4.3 times. Meanwhile, in term of blood pressure classification, a subject with prehypertension or stage 1 hypertension has a tendency of moderate risk increased risk to be NIHL. 
DISCUSSIONS
We have some limitation in this study, among others, seven subjects did not undergo the annual medical check up routinely, or some data in some medical records were not complete was missing, among others, total flight hours or triglycerides rate. Therefore these subjects were not included in the study.
In 1997 there was increased number of NIHL cases. This is because probably there were substantial military operations in East Timor (Timor Leste) and at other places (personal communication, Indonesian Air Forces).
This is in accordance with the other findings on noise exposure during Alpine helicopter rescue operations which noted that while the risk to air crew and patients should be limited to temporary threshold shifts the crew members are regularly exposed to equivalent noise levels of >85 dB(A) and, therefore, are at risk of permanent threshold shifts. Consequences for crew fitness to fly and for noise prevention.
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Although prehypertension and hypertension stage 1 did not significantly increase risk of NIHL, a moderate increased was noted. This moderate influence is probably due to the number of subjects was small, Therefore, it cannot prove significantly the influence of hypertension to NIHL. However, early prevention by controlling blood pressure must be taken in order to reduce NIHL and other diseases caused by hypertension. 7 This finding needs further investigation with more subjects to assess the impact of noise exposure on blood pressure (BP) and cardiovascular disease as proposed by other paper on the Hypertension and Exposure to Noise near Airports (HYENA) project. 12 Other previous study noted that often only hearing loss is thought of when one refers to occupational noise, but there may be other factors such as blood pressure. What is not clear, however, is whether noise contributes to changes in blood pressure. 13 Although the result of crude odds ratio of the risk factor such as aged upon diagnosis, year of entering work, age of entering work, ranks, total flight hours, and the period of work seemed to be related to the NIHL risk, during the final model they did not related to NIHL. This might be due to those risk factors are overcome by the more dominant ones, period of work and blood pressure. 8 Previous study findings using the pilot and air mechanic subjects during the period of 1970-1994, it was revealed that the risk factors which increase the possibility of NIHL were the position (pilots or air technicians), helicopter noise, and the total flight hours. 3 Meanwhile, in this study there were two risk factors which increase the possibility the NIHL. They were the period of work and blood pressure. These different findings may be caused by the subjects that were observed. They were just helicopter pilot without involving the air technician. The helicopter noise in this study had nothing to do with NIHL this is may be because the helicopter pilot were not exposed much enough to the helicopter noise. The air mechanics are much more exposed to the helicopter noise. They have to prepare the helicopter before take off. Meanwhile the pilot doesn't have to prepare or warm up the helicopter before take off. Besides, there was a difference in the period of exposure. In the previous study the exposure was from 1970-1994. 4 Meanwhile in this study the exposure was from 1980-2004.
In this study we cannot prove any risk increase of NIHL related to the type of helicopter. This may be because the pilot were not expose enough to the helicopter noise or the pilot always wore earplug or earmuff or headset.
CONCLUSIONS
During the period of 1997 high frequency of military operation occurred, and it was noted increased number of NIHL among military helicopter pilots. Furthermore, those who had longer total flight hours duration of work, and higher blood pressure had increased risk to be NIHL. Therefore, helicopter pilots who had a longer period of work needs more special attention to identify and prevent possible health related effects, workplace monitoring, audiometry, and blood pressure screenings are essential to minimize the risk of NIHL and fatal impact to aviation safety
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